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ABSTRACT
The present thesis discusses the development of the statistic model surface roughness 
for acrylic sheet on laser beam cutting and the effect of laser beam cutting (LBC) 
parameters towards acrylic sheet surface roughness. The model are developed by 
using the response surface methodology (RSM) to study the effect of cutting 
parameters (power, laser speed, gap distance and material thickness) on acrylic 
sheets surface roughness. The model of the experiment is performed with using Box-
Behnken design which it will arrange all the cutting parameters with suitable 
combination that needed for experiments performance. The affect of input factors 
and the interaction between these factors are also investigated in this study. It was 
found that the interaction of these parameters (power, laser speed, gap distance and 
material thickness) with surface roughness was extremely strong. The predictive 
models in this study are believed to produce value of the surface roughness. The 
predicted model for first order and second order for this model is performed with 
using MINITAB software. MINITAB will able to give solution for many data 
analysis and then predicted model will come out after finish all the analysis steps.
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ABSTRAK
Pembentangan tesis ini membincangkan tentang pembinaan ke atas model statistik 
kekasaran permukaan untuk kepingan acrylic melalui mesin laser dan kesan 
parameter-parameter pemotongan laser terhadap kekasaran permukaan kepingan 
acrylic. Model ini dibina menggunakan konsep reaksi permukaan untuk mengkaji 
kesan parameter-parameter pemotongan (kuasa, kelajuan laser, jarak ruang dan 
ketebalan bahan) ke atas kekasaran permukaan kepingan acrylic. Model untuk 
eksperimen ini adalah dijanakan menggunakan rekaan Box-Behnken di mana ia akan 
mengatur semua parameter-parameter pemotongan dengan kombinasi yang sesuai 
untuk kelancaran prestasi eksperimen. Kesan untuk faktor input dan saling 
tindakannya dengan faktor-faktor lain juga disiasat di dalam kajian ini. Didapati 
saling tindakan parameter ini (kuasa, kelajuan laser, jarak ruang dan ketebalan 
bahan) terhadap kekasaran permukaan sungguh kuat. Model ramalan dalam kajian ini 
adalah dipercayai boleh menghasilkan nilai-nilai untuk kekasaran permukaan. 
Model-model ramalan untuk turutan pertama dan turutan kedua untuk model ini 
adalah dijanakan menggunakan perisian komputer MINITAB. Perisian komputer 
MINITAB berkebolehan memberikan penyelesaian untuk analisa data yang banyak 
dan model ramalan akan terhasil sesudah selesai menjalani semua langkah-langkah 
analisa.
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CHAPTER 1
INTRODUCTION
1.1 INTRODUCTION
The present study considers the effect of simultaneous variations of laser 
beam cutting parameter (laser speed, power requirements, gap distance, and materials 
thickness) on the surface roughness prediction. For this purpose, the response surface 
methodology RSM is utilized. RSM is a group of mathematical and statistical 
techniques that are useful for modeling the relationship between the input (cutting 
conditions) and the output variables (surface roughness). [1]
RSM saves cost and time on conducting cutting material experiments by 
reducing the overall number of required tests. In addition, RSM helps describe and 
identify with a great accuracy, the effect of the interactions of different independent 
variables on the response when they are varied simultaneously. [2-4]
1.1.1 Project Background
The first laser experimental implementation was operated by Theodore 
Mainman on 16 May 1960 at Hughes Research Laboratory in California, by shining 
a high-power flash lamp on a ruby rod with silver-coated surfaces. Laser Beam 
Cutting (LBC) is one of most important tool in technology, which is categorized by 
an outstanding future. The laser is an artificial energy source, discovered by physics 
which has become an important manufacturing tool especially in cutting process, 
engraving process and joining or welding process. A laser beam is an artificially 
generated electromagnetic radiation called laser light in visible wavelength range. Its 
2theoretical physical description is attributed to Einstein in 1917, namely the principle 
of stimulated emission of radiation.
The introduction of laser and related devices has revolutionized the high 
technology and made a great deal of contribution to both basic and applied research 
in different areas. Although the present laser systems have not fulfilled all the 
preliminary expectations. Important advancements have been made by the advent of 
sophisticated laser systems in optical communications, medicine, industry and fields 
of interest. [5]
The growth of research and development of laser system for material 
processing has changed the technique of rapid prototyping (RP) or layer 
manufacturing from fabrication of prototypes to rapid tooling (RT) and rapid 
manufacturing (RM). Nowadays, many researchers successfully produced the direct 
fabrication of functional or structural end-use products, high strength alloys and high 
properties coating made by layer manufacturing techniques utilizing of laser system 
such as selective laser sintering (SLS), selective laser melting (SLM) and laser 
cladding on various kinds of metals, polymers and composite. [6-9]
The increase growth of laser application because of several advantages such 
as relatively low cost when mass production, reduction of production time, reduction 
of waste, precision cutting due to laser beam diameter can be focused to micrometer 
and up to nano level, laser beam can clean, coat and machine at complex shape and 
limited surface, able to produce functional parts with different materials and etc. [10-
11]
For these reasons most developed countries have made huge investments in 
their laser research program and as a result have found many interesting results. This 
motivates more and more research in this field. [12]
According to Olaf Rehme, more than 130 different influence parameters 
affect on the laser material processing such as for cutting or melting. However, only 
approximately 13 of these parameters are crucial to produce quality parts. These 
3parameters are divided into two categories, control parameter and disturbance 
variables. Control parameters consist of beam power, scan/cutting speed, hatch 
distance and layer thickness. Disturbance parameters are involves in type of 
materials and parts geometry. [13]
When any material involve in production or manufacturing process, the 
surface roughness is very important element that should be consider first. Surface 
roughness is an important factor when dealing with issues such as friction, 
lubrication and wear. It also has major impact on applications involving thermal or 
electrical resistance, fluid dynamics, noise and vibration control, dimensional 
tolerance and abrasive processes. Surface quality is one of most specified customer 
requirements where major indication of surface quality is surface roughness. Surface 
roughness is commonly a result of parameter process that has applied to the material 
during the process.
Surface roughness depends on what of the product function and uses. Some 
need higher level of surface roughness and some are not need that. From that, the 
conclusion is surface roughness is an important part for production and it depend on 
the product character and the application of the product.
1.2 PROBLEM STATEMENT
The surface roughness of the material is important to produce very fine finish 
product. Many manufactures are using trial and error method to find a suitable 
combination to get good quality of surface roughness. This method not only wastes 
time but increase the cost of the production. To overcome this problem, a prediction 
model will help the manufactures to predict the correct combination without wasting 
their production time.
41.3 RESEARCH OBJECTIVE
 To determine the effect of laser beam cutting (LBC) parameters towards 
acrylic sheet surface roughness.
 To develop a statistic model for surface roughness.
1.4  RESEARCH SCOPE
The research is limited to predict model for laser beam cutting on acrylic 
sheets, knowing the surface roughness, characteristic and to predict the surface 
roughness of acrylic sheets. 
1.5 EXPECTED OUTCOME
A surface roughness prediction model, first order and second order prediction 
model for laser beam cutting (LBC) on acrylic sheets.
5CHAPTER 2
LITERATURE REVIEW
2.1 INTRODUCTION
For a long time, manufacturing engineers and researchers have been realizing 
that in order to optimize the economic performance of metal cutting operations, 
efficient quantitative and predictive models that establish the relationship between a 
big group of input independent parameters and output variables are required for the 
wide spectrum of manufacturing processes, cutting tools and engineering materials 
currently used in the industry. [14] Furthermore, it has been observed that the 
improvement in the output variables, such as tool life, cutting forces, surface 
roughness, etc. Through the optimization of input parameters, such as feed rate, 
cutting speed and depth of cut may in significant economical performance of 
machining operations. [15]
On the other hand, many other researches have followed purely experimental 
approaches to study the relationship between surface roughness and the independent 
variables conditions. This has reflected on the increased total cost of the study as a 
large number of cutting experiments is required. Furthermore, with this purely 
experimental approach, researchers have investigated the effect of cutting parameters 
on surface roughness using machining experiments based on a one-factor-at-a-time 
design, without having any idea about the behavior of surface roughness prediction 
when two or more variables are varied at the same time.
The present study considers the effect of simultaneous variations of cutting 
parameter (cutting speed, power requirements, gap distance, and materials thickness) 
6on the surface roughness prediction. For this purpose, the response surface 
methodology RSM is utilized. RSM is a group of mathematical and statistical 
techniques that are useful for modeling the relationship between the input (cutting 
conditions) and the output variables (surface roughness). [16]
RSM saves cost and time on conducting cutting material experiments by 
reducing the overall number of required tests. In addition, RSM helps describe and 
identify with a great accuracy, the effect of the interactions of different independent 
variables on the response when they are varied simultaneously. [17-19]
2.2 TYPE OF LASER
There have two type of lasers commonly use for cutting, gas and solid state 
laser using CO2 and Nd; YAG. This two types of laser cutting are commonly use in 
industries. In industrial, the expansions of laser applications and relatively low cost 
of laser system with mass production, laser material processing has gained increased 
importance in variety of industries. Automotive, aerospace, defense, manufacturing, 
and many others sectors are widely adapting laser technology for welding, cutting, 
coating and hardening. Laser cutting greatly simplifies the design and manufacturing 
process because any pattern can do directly by computer. Laser cutting can easy to 
design complex parts that are difficult to make with conventional tools. The laser 
beam focused as small as .004” produces detail and very sharp corners. The process 
is non-contact, allowing delicate materials to be cut without damage. There are also 
no cutting tools that can wear or break. [20]
7Figure 2.0(a): CO2 laser cutting machine
Figure 2.0(b): Nd:YAG laser cutting machine
2.2.1 CO2 Laser
For this project the CO2 laser machine will be used to study the effects of 
these laser parameters toward acrylic sheets surface roughness. The CO2 laser 
machine is more productive, reliable and easy to maintain. The CO2 laser has a 
mixture of gasses, including carbon dioxide, which are excited either with electricity 
or radio waves. The light bulb gives off light in every direction. 
The CO2 laser light waves are lined up, so the light waves will oscillating at 
the same plane and it will vibrate together. This polarization is call coherence where 
coherence makes this laser waves differ with the waves of the lamp light. The CO2
laser cutting machine is operated in the infrared condition or range of the energy 
spectrum.
In the production industries, the laser cutting machines take the laser light 
from the resonator and bounce it to the several mirrors that called as the beam 
delivery system. This delivery system then will reflect the waves to the lens in the 
laser head. Then the lens will make the waves able to focus at the small spot and it 
able to cut the materials. Industrial laser cutting machine will able to cut a variety of 
materials including acrylic, steel, aluminum, plastic, thermoplastic and also titanium. 
The ability of laser to cut various types of materials make the laser cutting becomes 
mo famous and important tool in the future industries. [21]
92.2.2 Laser Working Principles
Lasers work as a result of resonant effects where the output of a laser is a 
coherent electromagnetic field which the waves have the same frequency and phase. 
In a basic laser, a chamber called a cavity is designed to internally reflect infrared 
(IR), visible-light, or ultraviolet (UV) waves so they reinforce each other.   The 
cavity can contain gases, liquids, or solids. The choice of cavity material determines 
the wavelength of the output. At each end of the cavity, there is a mirror. One mirror 
is totally reflective, that will allowing none of the energy to pass through the other 
mirror, and only allowing 5 percent of the energy to pass through. Energy is 
introduced into the cavity from an external source this is called pumping.
As a result of pumping, an electromagnetic field appears inside the laser 
cavity at the resonant frequency of the atoms of the material that fills the cavity. The 
waves reflect back and forth between the mirrors. The length of the cavity is such 
that the reflected and re-reflected wave fronts reinforce each other in phase at the 
natural frequency of the cavity substance. Electromagnetic waves at this resonant 
frequency emerge from the end of the cavity having the partially-reflective mirror. 
The output may appear as a continuous beam, or as a series of brief, intense pulses. 
[22]
